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(57) Abstract 

Biaxially oriented films based on oriented 
isotactic polypropylene. The films are particularly 
well suited for use as an adhesive tape backing. 
The films of this invention can be readily sev- 
ered using commercial tape dispensers to produce 
cleanly serrated cut edges. The tape backing films 
have a preferred, single crystalline morphology 
orientation with respect to the reference direction. 
Particularly, the crystalline chain axis orientation 
has a single maximum, as measured using trans- 
mission wide angle X-Ray scattering ("WAXS") 
azimuthal scans of reflections from monoclinic 
(110) crystalline planes, that lies within an an- 
gle encompassing about ± 75°, preferably within 
about ± 45°, and most preferably within about ± 
25° with respect to the reference direction. The 
crystalline morphology is further characterized by 
a distribution about the peak (the angular full 
width at half peak maximum) of from about 40° 
to 75°. The novel films preferably display a ten- 
sile elongation-to-break in the reference direction 
of about 45 % to 90 %, more preferably about 45 

to 80 %. Further, the novel films require an energy to server less than about 350 N-cm/cm 2 when severed using a metal serrated dispenser 
knife, and less than about 70 mm/mm 2 when severed using an injection molded polystyrene dispenser with a plastic serrated knife. Finally, 
the novel films stretch less than about 4 %, more preferably less than about 3 % when servered using commercially available tape dispensers. 
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Oriented Polypropylene-Based Backing Films for Adhesive Tape 

5 

TECHNICAL FIELD 

This invention relates to biaxially oriented polypropylene films and in 
particular biaxially oriented polypropylene adhesive coated tapes. 



10 BACKGROUND OF THE INVENTION 

Commercially available pressure sensitive adhesive tapes are usually provided 
in a roll form on a tape dispenser (see e.g. U.S. Patent Nos. 4,451,533 and 4,908,278). 
Tape dispensers typically have either a metal or plastic serrated cutting blade. 
"Severability" of adhesive tape is defined as the ability to cut or sever a length of tape 

15 by pulling the tape over the teeth on the serrated cutting edge of a tape dispenser with 
a desired amount of energy or work. Severability is also referred to as 
"dispensability." It is desired that the severed tape does not chip, sliver, fracture or 
break in an unpredictable manner (see U.S. Patent Nos. 4,451,533 and 4,908,278). 
Such severability is desirable to produce a cleanly serrated cut edge on the severed 

20 tape strip. Severability is governed primarily by the properties of the backing of the 
adhesive tape. The quality of the severed edge is believed to be controlled primarily 
by the force required to initiate severing and the subsequent crack propagation 
behavior in semicrystalline films. See G.L.A. Sims, J. Materials Science. 70, 647-657 
(1975); K. Friedrich, Progress in Colloid & Polymer Science , 64, 103-112 (1978); J. 

25 Snyder et al., Polymer Engineering & Science, 34(4). 269-11% (1994). Cleanly 

serrated edges are preferred for aesthetic reasons in applications such as gift wrapping, 
mending, and the like. The greater the energy required to sever the film, the more 
extensive the resulting damage to the film and the less aesthetically appealing the 
resulting severed edge. This is believed to be due in part to the elastic strain energy 

30 built up during the deformation being suddenly and catastrophically released when the 
film's inherent strength limit is surpassed. The subsequent failure propagates 
uncontrollably in a tearing or ripping fashion so that the cut edge does not follow 
closely the contour of the teeth of the dispenser. The propagation also is directed 
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along the underlying fibril orientation distribution rather than closely following the 
contour of the dispenser teeth. 

Severance of cast glassy amorphous tape backing films like cellophane and 
5 cellulose acetate is believed to occur by brittle failure, that is, the film breaks under 
load before it can deform. Such films have the drawbacks of high cost, low strength, 
moisture instability, unacceptable haze, and a tendency to discolor. In addition, they 
are prone to "sliver" or split longitudinally when attempting to peel the tape from the 
roll. This makes the tape difficult for a user to restart with a fresh edge. 

10 

By comparison, commercially available biaxially oriented polypropylene films 
are well known for their toughness, moisture stability, good color, moisture and 
slivering resistance, and clarity and have long been used as adhesive tape backings 
(see U.S. Patent Nos. 3,241 ,662 and 3,324,21 8). However, adhesive tapes produced 
15 from such films tend to stretch significantly before breaking while under load, and this 
toughness renders such films extremely difficult to sever, particularly on a plastic 
bladed dispenser. The deformation to break requires extensive work on the part of the 
user and therefore is undesirable. 

20 Commercially available tape dispensers with plastic cutting blades are 

commonly used for hand-held units such as a Catalog No. 1 04 3M Magic™ tape 
dispenser, available from Minnesota Mining and Manufacturing Company, St. Paul, 
Minnesota. However, dispensers with plastic cutting blades are typically not sharp 
and durable enough to sever oriented polypropylene tapes acceptably. For this reason, 

25 commercially available dispensers for biaxially oriented polypropylene tape usually 
are equipped with sharp metal blades. Such metal blade dispensers are more costly 
and difficult to manufacture than dispensers with plastic blades. 

Examples in the prior art of attempts to improve the severability of 
30 polypropylene based tapes disclose methods to stiffen and/or embrittle polypropylene 
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films which fall predominantly into two general methods. The first method relies on 
modifying the film with brittle or glassy resins or other modifiers to impart a 
substantially glassy behavior in an attempt to facilitate breaking. The second method 
typically involves a final stretching step in the film's longitudinal direction which 
imparts high stiffness and very low tensile elongation to break. 

Chemical modification of films is usually accomplished by incorporating 
brittle or glassy materials such as natural or synthetic hydrocarbon resins 
characterized by softening points between about 100°and 180°C and low molecular 

weights in the range of about 10^ -10^ g/mol. These materials are typically admixed 
with the base isotactic polypropylene in a physical blend, or are present in one or 
more layers of a multilayer construction in enriched form. 

Films can be processed to increase the film stiffness and decrease the film's 
tensile elongation to break. In some cases, a high degree of transverse (that is, in the 
cross-film web direction) stretching is believed desirable (see U.S. Pat. No. 
4,513,028), while in others a high degree of longitudinal stretching is believed 
desirable (see U.S. Pat. No. 4,414,261). 

Both the chemical and mechanical approaches often result in films which are 
objectionably stiff or brittle, are difficult to manufacture and convert into tapes due to 
frequent web breakage, exhibit undesirably high force and energy to dispense, do not 
have a cleanly serrated edge when severed on a plastic dispenser, and cause more 
rapid frictional wearing of tape dispenser teeth, especially plastic bladed dispensers. 

U.S. Pat. No. 3,241,662 describes a biaxially oriented polypropylene tape 
backing based pressure sensitive adhesive tape. The film is processed so as to give a 
ratio of edge tear resistance to cross-direction tear resistance of about 10:1 . In 
addition, the film should not stretch to more than about 1 A times its original length 
when cut as a tape, and can exhibit longitudinal direction elongation and modulus 
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values either greater or less than the cross direction. There are no teachings to 
preferred process or structural information. 

U.S. Pat. No. 3,887,745 discloses a multilayer construction in which a base 
polyolefin sheet is first monoaxially oriented in its longitudinal direction then 
laminated with a second olefin layer, and the entire construction oriented in its 
transverse direction to produce a finger-tearable adhesive tape. The second olefinic 
layer has a melting point 0.5-1 0°C greater than the base sheet melting point. 

U.S. Pat. No. 4,393,1 15 discloses a multilayer laminate film comprising a first 
biaxially oriented core layer of polypropylene and second uniaxially oriented 
polypropylene layer oriented only in the transverse direction, laminated with a surface 
layer composed of a polypropylene/polyethylene block copolymer. The construction 
is claimed to improve finger tearability and tape dispenser severability, the latter 
attributed to a large degree of transverse stretch (i.e., TD = 9X). 

U.S. Pat. No. 4,414,261 discloses a multilayer biaxially oriented adhesive tape 
backing comprising a polypropylene base sheet blended with 25-35% hydrocarbon 
resin laminated with polypropylene surface layers. The hydrocarbon resin is 
incorporated to increase the film's brittleness and allow for cutting. 

U.S. Pat. No. 4,447,485 discloses multilayer adhesive tape backing film 
comprising a base layer of polypropylene containing 5-50% by weight 
polymethylepentene which serves to embrittle the film and improve finger tearability. 
The film is stretched sequentially or stepwise to a balanced final draw ratio wherein 
longitudinal and transverse stretch ratios are equivalent. 

U.S. Pat. No. 4,451,533 discloses a severable polypropylene adhesive tape 
backing film which has been biaxially oriented in 3 stages to give a film with very 
high longitudinal stiffness and improved severability. In a preferred embodiment the 
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film is first stretched longitudinally by about 3-7 times its original length, followed by 
a second transversal stretching step of 3*10 times, and finally an additional 
longitudinal stretching step of 1 .5-5 times. The film backings are claimed to be 
sufficiently brittle so that they will break in the longitudinal direction before a strain 
of 30% is reached, preferably breaking before stretching to a strain of to 25%, and 
most preferably before they reach 15% strain. 

U.S. Pat. No. 4,51 3,028 discloses a biaxially oriented multilayer adhesive tape 
backing film comprising a base polypropylene sheet containing 5-50% by weight 
polymethylpentene which serves to embrittle the film and at least one roughened 
polypropylene surface layer containing fine inorganic particles to confer writability. 

U.S. Pat. No. 4,716,068 discloses a biaxially oriented three layer adhesive tape 
backing film sequentially stretched as in U.S. Pat. No. 4,451,533, comprising a base 
sheet of isotactic polypropylene and two base layers, one of which contains 5-30% of 
a hydrocarbon resin which serves to embrittle the film and the other containing a 
diorganopolysiloxane. 

US 4,908,278 discloses a cast, multilayer severable thermoplastic film useful 
as an adhesive tape backing comprising alternating layers of polypropylene, 
polymethyl methacrylate, and polyethylenevinyl acetate tie layers. 

U.S. Pat. Nos. 5,292,563 and 5,451,455 disclose biaxially oriented multilayer 
polypropylene twist wrapping films comprising a base sheet of isotactic 
polypropylene combined with 5-30% low molecular weight hydrocarbon resin which 
serves to embrittle the film. The film is stretched sequentially or stepwise to a 
balanced final draw ratio wherein longitudinal and transverse stretch ratios are 
equivalent. 
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European Patent 079520 discloses a biaxially oriented polypropylene film with 
high longitudinal modulus, comprising a polypropylene sheet containing 5-30% of a 
low molecular weight hydrocarbon resin which serves to embrittle the film and 
improve its stiffness. The sheet is stretched in at least 3 steps with a longitudinal final 
stretching step. 

U.S. Pat. No. 4,343,852 discloses a simultaneous biaxially oriented multilayer 
film comprising a base layer of polypropylene and at least one surface layer 
containing propylene copolymers. The entire construction can be oriented together, or 
the surface and base layers oriented differently so as to give good heat shrinkability. 

U.S. Pat. No. 4,595,738 discloses a simultaneously biaxially oriented 
polypropylene adhesive tape backing having mainly balanced mechanical properties 
and a surface stretch ratio of at least 45:1 . The claimed films exhibit good dynamic 
resistance and specific puncture resistance, mainly balanced mechanical properties, 
and applications to audio and video tapes or adhesive coated packaging tapes where 
sudden shock resistance and specific puncture resistance are desired. 

U.S. Pat. No. 4,698,261 describes an opaque biaxially oriented multilayer film 
comprising at least three inner support layers, at least one of which contains 1-30% 
hydrocarbon resin to impart improved stiffness and to embrittle the film and at least 
one of which contains fine inorganic particles to impart opacity. 

WIPO International Patent Application Publication WO 96/02386 discloses a 
uniaxially shrinkable multilayer biaxially oriented polypropylene film comprising a 
modified polypropylene core processed similarly to U.S. Pat. No. 4,451,533 with a 
final longitudinal stretching step of 10-40%. The initial biaxial stretching prior to 
tensilization in the third longitudinal stretching step may be carried out sequentially or 
simultaneously. Modifiers having relatively low molecular weight, and intended to 



C " 
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reduce the core layer crystallinity are incorporated at low levels to provide easier 
stretching in the third longitudinal stretching step. 

United States Patent Nos. 5,051,225 and 5,072,493 disclose apparatus and 
5 method for drawing film in a tenter frame, in which synchronous and hysteresis 

motors are used to propel the tenter clips under total control throughout the opposed 
loops of the tenter frame. Such an apparatus and method permits fine tuning the 
simultaneous biaxial draw ratio during operation by controlling the machine direction 
draw ratio. The transverse direction drawing can be adjusted by intermittently driving 
10 adjusting screws to move the carriage loops toward and away from each other. These 
patents state that films can be drawn at least 3X in both directions at strain rates of 
from 10,000%/minute to as high as 60,000%/minute, preferred films can be drawn at 
least 5X, more preferred at least 7X, and most preferred at least 9X in both directions. 

15 Biaxially oriented polypropylene films are typically produced by either a flat 

film tenter stretching process or by a blown film process. In blown film stretching, 
the film orientation is variable because of thermal relaxation and the typically 
resulting variability of film thickness is undesirable for tape backings. Typical blown 
or tubular-made films are undesirable for use as an adhesive tape backing film 

20 because of reduced film dimensional stability and excessive caliper variability 
compared to flat or tenter stretched films. In contrast, the tenter process provides 
improved stability because the film is restrained edgewise by clips during heat setting 
(annealing) or cooling, which eliminates crossweb shrinkage and consequent 
dimensional and fibril orientation changes. Blown or tubular films are not so 

25 restrained, and undergo crossweb shrinkage which changes film properties because 
melt orientation is less effective and film orientation is lower. In addition, tenter 
frame processes enjoy a cost advantage over blown/tubular processes for film 
thickness greater than 0.002 cm. Encyclopedia of Polymer Science, v. 7, pp. 99-101, 
John Wiley & Sons, New York (1987). 



30 
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Tubular films also suffer significantly greater caliper variability compared to 
tenter stretched films due to the inherent die design. Unlike flat coat hanger dies used 
in tenter stretching processes, no simple final film thickness adjustments are possible 
by lip flexing in tubular dies. As a result, the order of magnitude of thickness 
5 accuracy in tubular dies is about ±10% as compared to about ±5% in flat film dies. 
This greater film thickness variability is compensated for by die rotation, which 
permits thickness variations to be distributed across the entire width of the finished 
film product Principles of Polymer Processing, Z. Tadmor & C.G. Gogos, Chapt. 13, 
pp. 551-3, John Wiley & Sons, New York (1979), Polymer Extrusion, 2cd. ed., C. 
10 Rauwendaal, Chapt. 9, pp. 450-1, Hanser Publishers, New York (1990). Although die 
rotation can distribute the caliper variations across the web, improving the final roll 
appearance, thickness variations remain and typically are undesirable for adhesive 
tape backing applications. 

15 Uniform thickness is important in adhesive tape manufacturing because it is an 

indication of the uniformity of the film properties and because non-uniform thickness 
leads to gapping or telescoping of tape rolls. For these reasons, films having a non- 
uniform thickness typically resulting from blown or tubular film processes typically 
are not suitable as adhesive tape backings where uniform thickness is important. 

20 

The majority of commercially available biaxially oriented polypropylene films 
are produced by the flat film or tenter stretching process. Typical tenter processes 
serve to biaxially stretch films either predominately simultaneously or predominately 
sequentially. Currently, simultaneously tenter stretched films comprise a minor part 
25 of the film backing market because, although such processes can continuously stretch 
films in both longitudinal and transverse directions, they have historically proven 
costly, slow, and inflexible regarding allowable drawing ratios. 

Sequential tenter stretching is currently the most widely used biaxial film 
30 processing method. Typically, a thick sheet is extruded and rapidly quenched to form 
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spherules having ct-morphology with a monoclinic unit cell. This thick sheet is then 
reheated to a suitable stretching temperature and stretched in a first lengthwise or 
longitudinal stretching step, followed by a second transverse stretching step. The 
semicrystalline polymer chains become transformed by stretching into a morphology 
5 composed of bundles of long, highly ordered crystalline segments known as fibrils. It 
is generally believed that such fibrillar bundles arise from plastic deformation of the 
initial crystalline structure of cast polypropylene sheets caused by stretching (see: 
A.J. Peterlin, Colloid & Polymer Science, 253(10), 809-23 (1975)). In the sequential 
process, the crystalline fibrils formed in the first stretching step change their positions 
10 in the second stretching step, so that one part of each fibril keeps its initial position 
(i.e., longitudinal orientation) while another part is turned to an angle of 90° to the 
first direction. The result is an orthogonal network of fibrils which are said to be 
"knitted" together. See ''Polypropylene Structure, Blends, and Composites" J. 
Karger-Kolsis, ed., V.2, ppl44-145, Chapman & Hall, (1995). 

15 

In the case of oriented films intended for use as adhesive tape backings, stock 
rolls are typically slit from a wider input film roll from the film maker. The stock 
rolls are typically coated with adhesive on one surface and a release coating on the 
other, slit to narrow widths and wound into roll form. 

20 

The morphology, that is, the arrangement and orientation of the fibrils, govern 
a stretched film's mechanical properties, particularly in regard to loads applied in 
specific directions. Fibril orientation correlates well with observed mechanical 
properties (R.J. Samuels, "Structured Polymer Properties" Ch. 5, John Wiley & 
25 Sons, N.Y., and A.J. DeVries, Polymer Engineering & Science , 23(5), 241 (1983)), 
whereas machine stretching parameters (MD, TD draw ratios) do not. 



t 
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There are several widely accepted means by which to measure molecular 
orientation in oriented polymer systems, among them scattering of light or X-Rays, 
absorbence measurements, mechanical property analysis, and the like. Quantitative 
methods include wide angle X-Ray scattering ("WAXS"), optical birefringence, 
5 infrared dichroism, and small angle X-Ray scattering ("SAXS"). A preferred method 
to determine the fibril orientation distribution is the WAXS technique, in which 
crystalline planes within the fibrillar structures scatter or diffract incident X-Ray 
beams at an established angle, known as the Bragg angle (see A.W. Wilchinsky, 
Journal of Applied Physics, 11(1 1), 1969 (1960) and W.B. Lee et aL, Journal of 
10 Materials Engineering and Performance, 5(5), 637 (1996)). In WAXS, a crystalline 
plane such as the monoclinic (110) plane of isotactic polypropylene containing 
information about the polypropylene molecular chain (or c-) axis is measured and then 
related by sample geometry to external co-ordinates. 

15 Thus, there remains a desire to provide a biaxially oriented polypropylene film 

which when used as a tape backing, provides a readily severable polypropylene 
adhesive tape backing. 

SUMMARY OF THE INVENTION 
20 The present provides films comprising biaxially oriented isotactic 

polypropylene. Such films are well suited for use as adhesive tape backings. The 

films of this invention can be severed readily using commercial tape dispensers 

having plastic cutting teeth to produce cleanly serrated cut edges on the tape. 

Surprisingly, such films still exhibit desired mechanical properties such as high levels 
25 of tensile strength and are therefore very useful as tape backings. The inventive tape 

backing films preferably have a specific, single crystalline morphology orientation 

with respect to a reference direction "R." 
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In one preferred embodiment, the present invention provides a film comprising 
isotactic polypropylene which has been biaxially oriented so as to provide the 
following desired characteristics and properties: 

1 . A single azimuthal scan maximum as measured by a WAXS transmission 
azimuthal scan as described below; 

2. The maximum being positioned at an angle within about ±75°, preferably 
about ±45°, and more preferably about ±25° with respect to reference direction R; 

3. The breadth of the single azimuthal scan maximum (the angular full width 
at half peak maximum) of from about 40° to about 75°; 

4. A tensile elongation-to-break in the reference direction of from about 45% 
to about 90%, more preferably from about 45% to 80%, as determined by the method 
described below; 

5. An energy to sever of less than about 350 N-cm/cm 2 when severed using a 
metal serrated dispenser cutting blade according to the test described below; 

6. An energy to sever of less than about 700 N-cm/cm 2 when severed using an 
injection molded polystyrene dispenser cutting blade according to the test described 
below; 

7. Stretch during severing of less than about 4%, preferably less than about 
3% when severed according to the test method described below. 

In one preferred embodiment, the above film is an isotactic polypropylene film 
that has been biaxially oriented so as to have a crystalline morphology satisfying 
conditions 1-4 above. It is preferred, although not required, that such a film 
additionally satisfies conditions 5, 6, and/or 7, taken individually or in any 
combination. 

In another preferred embodiment, the above film is an isotactic polypropylene 
film that has been biaxially oriented so as to satisfy conditions 4 and 5 above. It is 
preferred, although not required, that such a film additionally satisfies conditions 1, 2, 
3, 6, and/or 7, taken individually or in any combination. 
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In still another preferred embodiment, the above film is an isotactic 
polypropylene film that has been biaxially oriented so as to satisfy conditions 4 and 6 
above. It is preferred, although not required, that such a film additionally satisfies 
conditions 1, 2, 3, 5, and/or 7, taken individually or in any combination. 

In yet a further preferred embodiment, the above film is an isotactic 
polypropylene film that has been biaxially oriented so as to satisfy conditions 4 and 7 
above. It is preferred, although not required, that such a film additionally satisfies 
conditions 1 , 2, 3, 5, and/or 6, taken individually or in any combination. 

In yet another aspect, the present invention provides a tape backing comprising 
any of the just-described films. Such a tape backing may be converted into an 
adhesive tape, preferably including a pressure sensitive adhesive on one major surface 
thereof. The adhesive tape may be converted into a roll form and provided on any 
suitable dispenser. 

In still a further aspect, the present invention provides an adhesive tape 
comprising a backing made from any of the above described films. The adhesive tape 
is preferably a pressure sensitive adhesive tape. The tape may be provided in roll 
form on any suitable dispenser. 

Certain terms are used in the description and the claims that, while for the 
most part are well known, may require some explanation. "Area stretch ratio," as used 
herein, indicates the ratio of the area of a given portion of a stretched film to the area 
of the same portion prior to stretching. For example, in a biaxially stretched film 
having an overall stretch ratio of 50:1 , a given 1 square inch portion of unstretched 
film would have an area of 50 square inches after stretch. The "reference direction" as 
used herein, is the axis lying in the plane of the film against which the crystalline 
orientation is defined. When determining the tensile properties of a film, the reference 



WO 99/29794 PCT/US97/23072 

-13- 

direction is the direction in which the film is stretched. When determining the 
severability of a film, the reference direction is the direction in which the film is 
pulled over the cutting blade. For backing films converted into adhesive tape in roll 
form, the reference direction is the direction in which the stock roll is slit into narrow 
width to be wound into tape rolls. Typically, though not always, the reference 
direction is the same as the longitudinal direction of the film. "Biaxially oriented, 11 
when used herein to describe a film, indicates that the film has been stretched in two 
different directions in the plane of the film. Typically, but not always, the two 
directions are perpendicular. Biaxially oriented films may be sequentially stretched, 
simultaneously stretched, or stretched by some combination of simultaneous and 
sequential stretching. "Simultaneously biaxially oriented," when used herein to 
describe a film, indicates that significant portions of the stretching in each of the two 
directions are performed simultaneously. A "single maximum" when used to describe 
the WAXS azimuthal scan of the inventive films disclosed herein will be identifiable 
as a single inflection observed from a WAXS transmission azimuthal scan, exhibiting 
symmetry within the 360° angular range probed by the X-ray scans due to the 
diffractometer geometry and the crystal physics of the monoclinic isotactic 
polypropylene. Such a single maximum is distinguishable from noise in the data and 
the scattered intensity due to portions of the polymer matrix possessing random 
orientation, which will typically have a magnitude of less than 1% of the maximum 
value. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be further explained with reference to the following 
drawings wherein like numbers refer to like parts in the several views, and wherein: 

Figure 1 is an isometric view of a length of tape according to the present 
invention; 

Figure 2 is an illustration of WAXS results of a preferred embodiment of film 
according to the present invention; 
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Figure 3 is a side view of a roll of adhesive tape according to the present 
invention; 

Figure 4 is a side view of a roll of tape on a dispenser according to the present 
invention; 

5 Figure 5 is an isometric view of a test fixture used to test the severing 

characteristics of film according to the present invention; 

Figure 6 is an isometric view of the metal dispenser blade useful in the tape 
dispenser of Figure 4 and the test fixture of Figure 5; 

Figure 7 is a side view of the metal dispenser blade of Figure 6; 
10 Figure 8 is a view of a plastic dispenser blade taken in direction 8-8 of Figure 

4; 

Figure 9 is a cross-sectional view of the dispenser blade of Figure 8 taken 
along line 9-9; 

Figure 10 is a top view of the dispenser blade of Figure 8 taken in direction 

15 10-10; 

Figure 1 1 is a side view of a portion of the apparatus of Figure 5 and the metal 
dispenser blade of Figure 6; 

Figure 12 is a side view of a portion of the apparatus of Figure 5 and the 
plastic dispenser blade of Figure 9; 
20 Figure 13 is an illustration of a typical severance or dispense testing curve for 

a polypropylene tape backing of the present invention; 

Figure 14 is an enlarged photograph of a prior art polypropylene film severed 
according to the test method described herein; 

Figure 1 5 is an enlarged photograph of a prior art polypropylene-backed 
25 adhesive tape severed according to the test method described herein; 

Figure 1 6 is an enlarged photograph of another prior art polypropylene film 
severed according to the test method described herein; 

Figure 1 7 is an enlarged photograph of a polypropylene film according to the 
present invention severed according to the test method described herein; and 
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Figure 1 8 is an enlarged photograph of a prior art acetate-backed adhesive tape 
severed according to the test method described herein. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to Figure 1, there is shown a length of tape 10 according to one 
preferred embodiment of the present invention. Tape 1 0 comprises a biaxially 
oriented polypropylene film backing 12 which includes first major surface 14 and 
second major surface 16. Preferably, backing 12 has a thickness in the range of about 
0.002 to about 0.005 centimeters. Backing 12 of tape 10 is coated on first major 
surface 14 with a layer of adhesive 18. Adhesive 18 may be any suitable adhesive as 
is known in the art. Backing 12 may have an optional release or low adhesion 
backsize layer 20 coated on the second major surface 1 6 as is known in the art. 

The backing film 12 is preferably produced from isotactic polypropylene 
having an n-heptane soluble content of less than about 1 5 % by weight, a density of 
about 0.86-0.92 grams/cm 3 measured according to ASTM Dl 505-96 ("Density of 
Plastics by the Density-Gradient Technique"), a melt flow index between about 0.5-15 
grams/ten minutes according to ASTM D 123 8-95 ("Flow Rates of Thermoplastics by 
Extrusion Plastometer") at a temperature of 230°C and force of 21.6 N, and a melting 
point as determined using differential scanning calorimetry of greater than 135° C, 
preferably greater than about 140° C, and most preferably greater than about 150° C. 
Further, the polypropylenes useful in this invention may be copolymerized with 
ethylene units or alpha-olefin materials having between 4-8 carbon atoms, said 
copolymer content being less than 10 % by weight. One suitable resin for backing 12 
is an isotactic polypropylene homopolymer resin having a melt flow index of 2.5 g/10 
minutes, commercially available under the product designation 3374 from FINA Oil 
and Chemical Co., Dallas, TX. 

Backing 12 may optionally include additives and other components as is 
known in the art, preferably in an amount selected so as not to adversely affect the 



I 

1 
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tensile and dispense properties attained by the preferred embodiments described 
herein. For example, the films of the present invention may contain fillers, 
plasticizers, colorants, lubricants, processing aids, nucleating agents, ultraviolet-light 
stabilizing agents, and other property modifiers. Typically such materials are added to 
5 a polymer before it is made into an oriented film (e.g., in the polymer melt before 
extrusion into a film). Organic fillers may include organic dyes and resins, as well as 
organic fibers such as nylon and polyimide fibers. Inorganic fillers may include 
pigments, fumed silica, calcium carbonate, talc, diatomaceous earth, titanium dioxide, 
carbon fibers, carbon black, glass beads, glass bubbles, mineral fibers, clay particles, 
10 metal particles and the like. Other additives such as flame retardants, stabilizers, 
antioxidants, compatibilizers, antimicrobial agents (e.g., zinc oxide), electrical 
conductors, and thermal conductors (e.g., aluminum oxide, boron nitride, aluminum 
nitride, and nickel particles) can be blended into the polymer used to form the film. 

15 The resin can be cast into sheet form as is known in the art, to prepare a sheet 

suitable for stretching to arrive at the preferred morphology of film 12 described 
herein. One suitable method to cast a sheet is to feed the resin into the feed hopper of 
a 4.45 cm single screw extruder manufactured by H.P.M. (of Mt. Gilead, OH) having 
an extruder barrel temperature adjusted to produce a stable homogeneous melt. The 

20 polypropylene melt can be extruded through a 1 7.8 cm single manifold sheet die onto 
a rotating water cooled steel casting wheel having 50-60° C water circulating through 
it. The cast sheet can be quenched by passing through a water bath maintained at 
about 30°C to produce a cast sheet having a thickness of about 0.12-0.16 cm. 

25 The sheet is then biaxially oriented to provide backing film 1 2 having the 

following desired characteristics and properties: 

1 . A single azimuthal scan maximum as measured by a WAXS transmission 
azimuthal scan as described herein; 
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2. The maximum being positioned at an angle within about ±75°, preferably 
about ±45°, and more preferably about ±25° with respect to reference direction R; 

3. The breadth of the single azimuthal scan maximum (the angular full width 
at half peak maximum) of from about 40° to about 75°; 

4. A tensile elongation-to-break in the reference direction of from about 45% 
to about 90%, more preferably from about 45% to 80%, as determined by the method 
described below; 

5. An energy to sever of less than about 350 N-cm/cm 2 when severed using a 
metal serrated dispenser cutting blade according to the test described below; 

6. An energy to sever of less than about 700 N-cm/cm 2 when severed using an 
injection molded polystyrene dispenser cutting blade according to the test described 
below; 

7. Stretch during severing of less than about 4%, preferably less than about 
3% when severed according to the test method described below. 

In one preferred embodiment, the film 12 is an isotactic polypropylene film 
that has been biaxial ly oriented so as to have a crystalline morphology satisfying 
conditions 1-4 above. It is preferred, although not required, that such a film 12 
additionally satisfies conditions 5, 6, and/or 7, taken individually or in any 
combination. 

In another preferred embodiment, film 12 is an isotactic polypropylene film 
that has been biaxially oriented so as to satisfy conditions 4 and 5 above. It is 
preferred, although not required, that such a film 1 2 additionally satisfies conditions 1 , 
2, 3, 6, and/or 7, taken individually or in any combination. 

In still another preferred embodiment, film 12 is an isotactic polypropylene 
film that has been biaxially oriented so as to satisfy conditions 4 and 6 above. It is 
preferred, although not required, that such a film 12 additionally satisfies conditions 1 , 
2, 3, 5, and/or 7, taken individually or in any combination. 
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In yet a further preferred embodiment, film 12 is an isotactic polypropylene 
film that has been biaxially oriented so as to satisfy conditions 4 and 7 above. It is 
preferred, although not required, that such a film 12 additionally satisfies conditions 1, 
2, 3, 5, and/or 6, taken individually or in any combination. 

The preferred morphology described herein may be obtained by any suitable 
method and apparatus for biaxially orienting the film 12. Of all stretching methods, 
the methods most preferred for commercial manufacture of films for tape backings 
include biaxial stretching by mechanical tenter such as the methods and apparatus 
disclosed in U.S. Patent Nos. 4,330,499 and 4,595,738, the entire disclosures of both 
of which are incorporated herein by reference, and the methods and tenter apparatus 
disclosed in U.S. Patent Nos. 4,675,582; 4,825,1 1 1 ; 4,853,602; 5,036,262; 5,051,225; 
and 5,072,493, the entire disclosures of all of which are incorporated herein by 
reference. 

The films useful in this invention, when used as a backing 12 for a tape 10, 
preferably have a final thickness between about 0.002-0.005 cm. Thicker and thinner 
films may be used, with the understanding that the film 12 should be thick enough to 
avoid excessive flimsiness and difficulty in handling, while not being so thick so as to 
be undesirably rigid or stiff and difficult to handle or use. 

Whereas in the prior art, tape severability was believed to result primarily 
from the magnitude of the overall film stretching, the present inventors have found 
that the magnitude of overall stretching is not determinate, and is much less important 
than the specific distribution of crystalline fibril morphologies which result from 
stretching. Thus, for samples prepared from the same cast sheet and stretched to the 
same final area stretch ratio, energy to sever is unexpectedly found to dramatically 
decrease as the orientation state more closely follows points (1) to (4) listed above. 
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An example of WAXS results illustrating points (1) to (3) above is shown in 
Figure 2. The scattered radiation frequency count is indicated on the vertical axis and 
the angular position relative to direction R is indicated on the horizontal axis. It is 
seen that there is a single peak 30. Peak 30 is located at an angle of 0° relative to the 
5 reference direction R. The half peak value on either side of peak 30 is indicated at 32. 
The breadth of the angular full width at half peak maximum is indicated as the angular 
difference from angular position A to angular position B. Figure 2 illustrates that 
portion of the azimuthal scan from ±90° about the reference direction R. A mirror 
image of the curve exists in the remainder of the 360° scan. 

10 

The energy required to sever biaxially oriented polypropylene adhesive tapes 
depends on the direction in which the crystalline fibrils are oriented with respect to the 
direction in which the tape is to be severed. If the fibrils are not well aligned with the 
load direction (also referred to herein as the use direction and dispense direction), 

15 energy must be expended both to re-align the fibrils in the direction of the load and 

subsequently to deform those fibrils to their breaking point. In particular, films which 
have been stretched in a way that results in more than one maximum of fibril 
orientation as observed from WAXS measurements will require a large amount of 
energy to realign and break these structures to sever the film. Film that has been 

20 sequentially stretched typically has more than one maximum of fibril orientation. 

It is believed that the tape backing films of the present invention have 
preferred molecular chain orientation distributions and are particularly easy to sever. 
Tapes described herein are believed to possess a favorable molecular and fibril 
25 alignment that minimizes the re-alignment required to bring the fibril distributions 

into full alignment. The lower level of energy thus required to re-align and break the 
fibrillar structures confers easier severability. 

In general, single peak fiber distributions which are aligned sufficiently 
30 closely to the severing direction, or reference direction display the easiest severability. 
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Unexpectedly, too narrow of a distribution along the reference direction does not 
necessarily lead to improved severability. We have discovered that too narrow of a 
distribution actually results in undesirably high energies to sever. This is believed to 
be due to over-tensilization of the morphological structure along that orientation axis, 
5 which makes the structure extremely stiff and overly strong so that the energy to sever 
increases as the orientation distribution decreases. We have discovered that the full 
width at half maximum breadth of the crystalline orientation distribution as measured 
using WAXS monoclinic (110) reflections is preferably from about 40° to about 75°. 

10 The present inventors have discovered unexpectedly that specific molecular 

chain orientations in the biaxially oriented polypropylene films of the present 
invention result in films having desirable mechanical properties and are surprisingly 
easy to sever using commercial tape dispensers. Examples of commercial tape 
dispensers include SCOTCH brand Cat. 15 or Cat. 40 tabletop tape dispenser 

15 equipped with metal cutting blades and Cat. 25 or Cat. H-125/126 plastic two-piece 
plastic dispensers equipped with metal cutting blades, all available from Minnesota 
Mining and Manufacturing Company, St. Paul, Minnesota. 

The present inventors also have found surprisingly that the films of this 
20 invention are severable using commercial hand-held plastic tape dispensers such as 
SCOTCH brand Cat. 104 or Cat. 105 injection-molded polystyrene dispensers with 
plastic cutting blades, also available from Minnesota Mining and Manufacturing 
Company, St. Paul, Minnesota. By comparison, other biaxially oriented 
polypropylene films stretched to the same extent as determined by area stretch ratio, 
25 but not having the preferred morphology orientation described herein, are not readily 
severable on such plastic cutting blades. 

The adhesive 1 8 coated on the first major surface 14 of tape backing 12 may 
be any suitable adhesive as is known in the art. Preferred adhesives are those 
30 activatable by pressure, heat or combinations thereof. Suitable adhesives include 
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those based on acrylate, rabber resin, epoxies, urethanes or combinations thereof. The 
adhesive 18 may be applied by solution, water-based or hot-melt coating methods. 
The adhesive may be applied in any desired amount, and typically are applied to 
provide a conventional dry coating weight between about 0.0015 to 0.005 grams/cm 2 . 

The film backing 12 of the tape 10 may be optionally treated by exposure to 
flame or corona discharge or other surface treatments including chemical priming to 
improve adhesion of subsequent coating layers. In addition, the second surface 16 of 
the film backing 12 may be coated with optional low adhesion backsize materials 20 
to restrict adhesion between the opposite surface adhesive layer 18 and the film 12, 
thereby allowing for production of adhesive tape rolls capable of easy unwinding, as 
is well known in the adhesive coated tape-making art. 

Tape 1 0 is preferably provided in the form of a spirally wound roll 22 and 
optionally on a core 24 as illustrated n Figure 3. Such rolls can be provided on a table 
top or hand held dispenser 26 as illustrated in Figure 4. The dispensers can include a 
metal cutting blade or plastic cutting blade. Preferred dispensers include those 
available as SCOTCH brand Cat. 15 or Cat. 40 tabletop tape dispenser equipped with 
metal cutting blades, SCOTCH brand Cat. 25 or Cat. H-125/126 plastic two-piece 
plastic dispensers equipped with metal cutting blades, and SCOTCH brand Cat. 1 04 
or Cat. 105 injection-molded polystyrene dispensers with plastic cutting blades, all 
available from Minnesota Mining and Manufacturing Company, St. Paul, Minnesota. 

The details of converting film backings into tapes is well within the skill of 
those in the art, and need not be described in any greater detail herein. See, for 
example, U.S. Patent No. 4,451,533, "Dispensable Polypropylene Adhesive-Coated 
Tape," (Wong et al), the entire disclosure of which is incorporated herein by 
reference. 
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Test Methods 

Tensile Properties: 

ASTM D-882-95A, Tensile Properties of Thin Plastic Sheeting, Method A 

The tensile elongation-at-break of films was measured by the procedures 
described in ASTM D-882-95A, "Tensile Properties of Thin Plastic Sheeting," 
Method A. The films were conditioned for 24 hours at 25° C and 50% relative 
humidity. The tests were performed using a tensile-testing machine commercially 
available as a Model 1/S, from Sintech of Stoughton, MA. Specimens for this test 
were 1 .91 cm wide and 1 5 cm in length. An initial jaw separation of 1 0.2 cm and a 
crosshead speed of 30 cm/min were used. Specimens were tested for each sample in 
the reference direction of the film. Results are reported in Table 1 below. The 
elongation-to-break values are reported for the reference direction based on the initial 
gauge length of the sample. As used herein, including the claims, the term "tensile 
elongation to break" is used to describe results obtained by the just-described method. 

Severance Properties: Dispense Testing of Films 

Test specimens 1.91 cm wide and 15 cm long were slit from uncoated sample 
films using a razor blade cutter equipped with new blades. Test specimens were 
conditioned for 24 hours at 25° C and 50% relative humidity prior to testing. 

The test fixture used to measure severability of films is shown in Figure 5. The 
test fixture comprised a commercially available tape dispenser 1 00M (Scotch™ Cat. 
H-127 two-piece polystyrene molded dispenser equipped with a metal cutting blade, 
available as of the filing date hereof from Minnesota Mining & Manufacturing Co., 
St. Paul, MN) or commercially available tape dispenser 100P (Scotch™ Cat. 122 two- 
piece molded polystyrene dispenser equipped with a plastic cutting blade, available as 
of the filing date hereof from Minnesota Mining & Manufacturing Co., St. Paul, MN) 
mounted to a 15.2 cm x 15.2 cm x 1.1 cm aluminum rear mounting plate 102. The 
dispenser was restricted from flexing during the severing test by being placed between 
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the rear mounting plate 102 and a 0.3 cm thick aluminum front mounting plate 104 
milled to the contour of the test dispenser 100P or 1 00M. The test dispenser was 
firmly held in place between the front 104 and rear 102 mounting plates by a threaded 
thumbscrew 106. The rear mounting plate 102 was affixed to a 2.4 cm diameter 
5 cylindrical base mounting stud 108 by machine screws 110. The base mounting stud 
108 was milled to include a 90° angle cut-out so that the rear mounting plate 102 was 
held in the vertical centerline of the tensile testing machine, that is, the angle between 
the axis of the rear mounting plate 102 and test dispenser 100P or 100M was 0° with 
respect to the machine centerline. The base stud 108 was affixed to the testing 
10 machine deck by locking pins inserted into drillouts 109 in the base stud. 

The test dispenser 1 00M or 1 OOP was mounted onto the rear mounting plate 
102 by inserting the dispenser hub over an aluminum hub mounting shaft 112 which 
is screwed into the rear mounting plate 102. The bottom of the dispenser rested 
15 against seat 1 1 5 which prevented rotation of the dispenser during testing. The test 
dispenser was mounted so that the row of teeth of the dispenser cutting blade was 
perpendicular to the machine centerline. In this way, the film being tested was loaded 
substantially uniformly across its width when severed. 

20 Dispenser 1 00M included a steel serrated cutting blade 1 20 illustrated in 

Figures 6 and 7. Steel cutting blade 120 was formed of about 0.05 cm thick nickel 
plated steel and included a rectangular land portion 122 at least as wide as the film 12 
and about 0.3 cm long in the direction corresponding to the reference direction R of 
the film 12 extending across the blade. The land portion 122 defines a generally 

25 planar surface to which the test sample is temporarily secured. Blade 120 also 

included a blade support portion 126 at the rear edge of the land portion 122, with the 
land portion forming an angle p of 80° with the support 126. Blade support 1 26 is 
about 1 .32 cm long. Blade 120 further included a generally U-shaped portion 128 at 
the edge of the land portion opposite the support portion which has a row of teeth 130 

30 along its distal edge. Each tooth 130 is generally triangular, has a tip in or slightly 
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lower than the plane of the land 122 and spaced from the tips of adjacent teeth 130 by 
about 0.12 cm, is defined by a height of about 0.06 cm, a sharpness defined by a 
radius of curvature of about 0.003 cm, and the apex 132 of said teeth 130 form an 
included angle of 60°. The teeth 130 project outward from the plane of the blade 
5 support portion 126 at an angle a of about 50°. The sides of the generally U-shaped 
portion 128 are at an angle y to one another of 72°. 

Dispenser 100P includes an injection-molded polystyrene blade 140 illustrated 
in Figures 8-10. Polystyrene blade 140 on dispenser 100P is integrally molded with 

10 one of the two halves of the tape dispenser 100P. Blade 140 is formed by filling the 
cavities of a steel mold using a typical injection molding process. As seen in Figures 
9 and 10, blade 140 includes a land surface 144 which is about 0.35 cm wide. Land 
surface 144 is slightly convex, having a radius of curvature of 2.54 cm. Forward of 
land 144 is a V-shaped portion formed by surfaces 148 and 149 which meet at an 

15 inside angle 5 of 125°. Surface 148 of the V-groove makes an angle of v with the 

linear approximation of land 144 of 70°. A series of ridges 154 extend from the front 
of the dispenser. The ridges 154 are each formed by sides 1 54a and 1 54b which meet 
at ridge 154c. Each tooth peak 150 is formed by the intersection of surface 149 with 
the ridges 154. As best seen in Figures 8 and 10, each tooth is thereby formed by the 

20 intersection of three planes: sides 154a and 154b of ridge 154, and surface 149 of the 
V-shaped groove. As seen in Figure 1 0, sides 1 54a and 1 54b meet an at included 
angle 0 of 74°. As seen in Figure 9, surface 149 forms an angle <J) of 50° with edge 
1 54c of ridge 1 54. Each tooth 1 50 has a tip in or slightly lower than the plane of the 
land surface 144 and is spaced from the tips of adjacent teeth 150 by about 0.127 cm. 

25 Each tooth has a height of about 0.020 cm, measured as the height H from the peak of 
the tooth to the adjoining valleys between teeth. Each tooth has an edge sharpness 
having a radius of curvature of about 0.010 cm. 

In either test dispenser, a piece of double-coated adhesive tape (Scotch™ Cat. 
30 665) was applied to land area 122 or 144 and the test specimen 12 was adhered firmly 
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to the adhesive surface of the double-coated tape with finger pressure to prevent 
forward motion during severance testing. 

The test specimen was aligned at an angle of 0° to the machine centerline so 
5 that the force of the dispenser was substantially evenly distributed across the width of 
the sample. The dispenser 100M or 100P was oriented such that the tips of the cutting 
blade 120 or 140 were directly under the jaws 162. For tests using the dispenser 
100M with metal dispenser 120, the dispenser was oriented at an angle such that the 
land 122 was at an angle a, of 1 10° relative to the vertical direction of travel A of the 

10 tester (see Figure 1 1 , which illustrates only the cutter blade 1 20 relative to the jaws 
162, with the rest of the dispenser and test fixture removed for illustrative purposes 
only). For tests using the dispenser 1 OOP with plastic blade 140, the dispenser was 
oriented at an angle such that the edge 1 54c of ridge 1 54 was at an angle cr 2 of 32° 
relative to the vertical direction of travel A of the tester (see Figure 12, which 

1 5 illustrates only the cutter blade 140 relative to the jaws 1 62, with the rest of the 
dispenser and test fixture removed for illustrative purposes only). 

The free end of the test specimen 12 was then gripped in the upper jaws 162 of 
the tensile testing machine so that the distance between the upper jaws and the cutting 

20 blade 120 or 140 was 10.2 cm. The specimen was loaded with no tension so that the 
cutting blade did not contact the specimen prior to the start of the test. The upper jaws 
were attached to the machine crosshead which traveled on support rails 14. The test 
specimen was next pre-loaded in tension to a value of 0.9 N to make contact with the 
cutting blade 120 or 140. The specimen 12 was then pulled in direction A by the jaws 

25 1 62 at a rate of 30 cm/minute. The load and elongation of the specimen were 

measured and recorded, and the energy to sever a specimen 1 2 was calculated from 
the area under the load/elongation, as illustrated in Figure 13, and reported in Table 1 . 
In Figure 13, the load is indicated along the vertical axis, with the elongation 
indicated on the horizontal axis. The load and elongation increase along portion 200 

30 of the curve, until the peak load 202 is reached, where the elongation is indicated by 
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204. The load then decreases as the elongation continues along portion 206 of the 
curve. As reported herein, the energy is calculated for that portion of the curve from 
zero elongation to the elongation 204 at maximum load 202. It is believed that the 
teeth of the dispenser puncture the film at about the point of maximum load 202, at 
which time the load decreases as the punctures through the film propagate to complete 
severance. 

As used herein, including the claims, the term 'The Dispense Test - Metal 
Blade' 1 refers to the just described test using dispenser 100M, and the term "The 
Dispense Test - Plastic Blade" refers to the just described test using dispenser 100P. 

Optical Microscopy of Severed Film Edges 

Severed test specimens obtained from the Dispense Test - Plastic Blade were 
mounted on a glass microscope slide to obtain images of the severed edges. An 
Olympus BHSM Type BH-2 optical microscope available commercially from Leeds 
Precision Instruments, Inc., Minneapolis, MN and equipped with crossed polarization 
and differential interference contrast (DIC) was used to obtain the images. 
Photographic images were obtained at a magnification of SOX using Polacolor ER 
Type 59 instant developing film with an ASA of 80 and a Polaroid 4x5 flat film 
holder. 

Wide Angle X-Rav Scattering (WAXS) Measurements 

Wide angle X-Ray Diffraction data (WAXS) were collected by use of a Picker 
4-circle diffractometer, copper Ka radiation, and scintillation detector registry of the 
scattered radiation. The diffractometer was fitted with fixed entrance slits and a fixed 
receiving slit. A transmission data collection geometry was employed with the 
effective reference direction axis oriented vertically and coincident with the 
diffractometer 29 axis. The X-ray generator was operated at settings of 40kV and 25 
mA. Specimens were mounted on aluminum holders using double coated adhesive 
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tape with no backing plate or support used under the portion of the film exposed to the 
incident X-Ray beam. 

Polypropylene peak positions were located from survey step scans conducted 
5 from 5 to 35 degrees (29) using a 0.05 degree step size and 30 second count time. 
Azimuthal step scans of the polypropylene monoclinic (110) maximum were 
conducted from instrument settings of -180 to +180 degrees (X) using a three degree 
step size and 1 0 minute count time. The resulting scattering data were reduced to x-y 
pairs of azimuthal angle and intensity values and subjected to profile fitting using the 

10 data analysis software ORIGIN™ (ORIGIN™ version 4. 1 available from Microcal 
Software Inc., One Roadhouse Plaza, Northhampton, MA. 01060). A gaussian shape 
model was employed to describe observed intensity maxima in the azimuthal scans. 
Widths measured in the profile filling procedures described above were taken as the 
full width at half maximum (FWHM) above a linear background model. The results 

15 of the WAXS are presented in Table 1 . 

The operation of the present invention will be further described with regard to 
the following detailed examples. These examples are offered to further illustrate the 
various specific and preferred embodiments and techniques. As the examples 
20 illustrate, the desired properties of the film are obtained by stretching the film in a 

way to obtain the preferred morphology of films described herein, rather than defining 
the film by describing nominal machine draw ratios as has been commonly taught in 
the art. It should be understood, however, that many variations and modifications 
may be made while remaining within the scope of the present invention. 

25 

Examples 1-15 

For Examples 1-15, a cast film was obtained as follows. An isotactic 
polypropylene homopolymer resin having a nominal melt flow index of 2.5 g/ 10 
minutes obtained from FINA Oil and Chemical Co., Dallas, TX, having the 
30 commercial designation 3374, was fed into the feed hopper of a 4.45 cm single screw 
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extruder manufactured from H.P.M (Mt. Gilead, OH) having an extruder barrel 
temperature adjusted to produce a stable homogeneous melt. The polypropylene melt 
was extruded through a 17.8 cm single manifold sheet die onto a rotating water cooled 
steel casting wheel which had about 50-60° C water circulating through it. The cast 
5 sheet was next passed through a quenching water bath maintained at about 30°C to 
produce a cast sheet having a thickness of about 0.12-0.16 cm. The cast film was then 
stretched by the specific methods described in each example. In those examples that 
were simultaneously stretched in two directions, the individual stretch components in 
each of the two direction started and ended at the same time. 

10 

Samples prepared in accordance with Examples 1-8 were tested for 
severability by the test method described above using a metal cutting blade. Samples 
prepared in accordance with Examples 9-1 5 were tested for severability by the test 
method described above using a polystyrene cutting blade. Samples from each 
15 Example were also subjected to the WAXS analysis described herein to determine the 
morphology of the films. Samples from each Example were also tested for tensile 
elongation at break by the method described above. The prefix C is used to indicate 
comparative examples. 

20 Example C-l 

A sequentially biaxially oriented polypropylene film was prepared by a 
process known as the tenter process. The cast sheet was passed over a first series of 
heating rolls maintained internally from about 127°C to 136°C, and then stretched 
between two nipped drawing rolls rotating at different speeds to attain a first draw 

25 ratio of 5.0: 1 in extrusion or casting direction, which is reference direction R for this 
Example. The uniaxial ly stretched sheet was then fed into a tenter oven with multiple 
heat zones having temperatures ranging from 158° to 175° C and stretched between 
two tenter rails in the direction perpendicular to the first stretching at a draw ratio of 
about 9: 1 . The resulting film had a thickness of 0.0030 cm and was cooled in air and 

30 annealed on an annealing drum with an internal temperature of 120°C. The edges 
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were subsequently razor slit and the film wound onto a master roll. The film was slit 
into useful sample widths using a razor blade cutter equipped with new blades. 

Example C-2 

5 A biaxially oriented polypropylene film was prepared by stretching the cast 

sheet simultaneously in two perpendicular directions using a laboratory two-way film 
stretching machine known as a frame or batch stretcher as follows. The cast film 
sheet of 0.1 6 cm thickness was cut into square tablets of 6.83 cm on a side and held in 
the stretching oven of the batch stretcher by edgewise gripping with a series of clips to 

10 leave a stretchable sample of 5.08 cm on a side. The tablet was pre-heated for 90 
seconds at 155° C, then simultaneously stretched at a rate of about 300%/second in 
the reference direction and about 300%/second in the direction perpendicular to the 
reference direction to a final area stretch ratio of about 40:1 . Samples were 
immediately removed from the stretching machine to cool. The film had a thickness 

15 of 0.0030 cm. The film was slit into useful sample widths using a razor blade cutter 
equipped with new blades. 

Example 3 

A simultaneously biaxially oriented polypropylene film was prepared by 
20 stretching as described in Example 2, except that the stretch rates and final area stretch 
ratio were as follows. The tablet was pre-heated for 90 seconds at 155° C ? then 
simultaneously stretched at a rate of about 300%/second in the reference direction and 
about 245%/second in the direction perpendicular to the first to a final area stretch 
ratio of about 40:1 . Samples were immediately removed from the stretching machine 
25 to cool. The film had a thickness of 0.0025 cm. The film was slit into useful sample 
widths using a razor blade cutter equipped with new blades. 

Example C-4 

A simultaneously biaxially oriented polypropylene film was prepared by 
30 stretching as described in Example 2, except for the final area stretch ratio obtained as 
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follows. The tablet was pre-heated for 90 seconds at 155° C, then stretched 
simultaneously at a rate of about 300%/second in the reference direction and about 
300%/second in the direction perpendicular to the reference direction to a final area 
stretch ratio of about 50: 1 . Samples were immediately removed from the stretching 
5 machine to cool. The film had a thickness of 0.0034 cm. The film was slit into useful 
sample widths using a razor blade cutter equipped with new blades. 

Example 5 

A simultaneously biaxially oriented polypropylene film was prepared by 
10 stretching as described in Example 2, except for the stretch rates and final area stretch 
ratio as follows. The tablet was pre-heated for 90 seconds at 155° C, then 
simultaneously stretched at a rate of about 300%/second in the reference direction and 
about 210%/second in the direction perpendicular to the first to a final area stretch 
ratio of about 50: 1 . Samples were immediately removed from the stretching machine 
15 to cool. The film had a thickness of 0.0025 cm. The film was slit into useful sample 
widths using a razor blade cutter equipped with new blades. 

Example C-6 

A simultaneously biaxially oriented polypropylene film was prepared by 
20 stretching as described in Example 2, except for the final area stretch ratio. The tablet 
was pre-heated for 90 seconds at 155° C, then simultaneously stretched at a rate of 
about 300%/second in the reference direction and about 300%/second in the direction 
perpendicular to the reference direction to a final area stretch ratio of about 60:1 . 
Samples were immediately removed from the stretching machine to cool. The film 
25 had a thickness of 0.0021 cm. The film was slit into useful sample widths using a 
razor blade cutter equipped with new blades. 

Example 7 

A simultaneously biaxially oriented polypropylene film was prepared by 
30 stretching as described in Example 2 except for the stretch rates and final area stretch 
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ratio. The tablet was pre-heated for 90 seconds at 155° C, then simultaneously 
stretched at a rate of about 300%/second in the reference direction and about 
250%/second in the direction perpendicular to the first to a final area stretch ratio of 
about 60: 1 . Samples were immediately removed from the stretching machine to cool. 
5 The film had a thickness of 0.0022 cm. The film was slit into useful sample widths 
using a razor blade cutter equipped with new blades. 

Example 8 

A simultaneously biaxially oriented polypropylene film was prepared by 
10 stretching as described in Example 2 except for the stretch rates and final area stretch 
ratio. The tablet was pre-heated for 90 seconds at 1 55° C, then simultaneously 
stretched at a rate of about 300%/second in the reference direction and about 
168%/second in the direction perpendicular to the reference direction to a final area 
stretch ratio of about 60: 1 . Samples were immediately removed from the stretching 
15 machine to cool, The film had a thickness of 0.003 1 cm. The film was slit into useful 
sample widths using a razor blade cutter equipped with new blades. 

Example C-9 

A simultaneously biaxially oriented polypropylene film was prepared by 
20 stretching as described in Example 2 except for the stretch rates and the final area 

stretch ratio. The tablet was pre-heated for 90 seconds at 155° C, then simultaneously 
stretched at a rate of about 165%/second in the reference direction and about 
300%/second in the direction perpendicular to the first to a final area stretch ratio of 
about 53:1 . Samples were immediately removed from the stretching machine to cool. 
25 The film had a thickness of 0.0027 cm. The film was slit into useful sample widths 
using a razor blade cutter equipped with new blades. 
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Example C-10 

A simultaneously biaxially oriented polypropylene film was prepared by 
stretching as described in Example 2. The tablet was pre-heated for 90 seconds at 
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155° C, then simultaneously stretched at a rate of about 300%/second in the reference 
direction and about 300%/second in the direction perpendicular to the first to a final 
area stretch ratio of about 40: 1 . Samples were immediately removed from the 
stretching machine to cool. The film had a thickness of 0.0033 cm. The film was slit 
into useful sample widths using a razor blade cutter equipped with new blades. 

Example 1 1 

A simultaneously biaxially oriented polypropylene film was prepared by 
stretching as described in Example 2 except for the final area stretch ratio. The tablet 
was pre-heated for 90 seconds at 155° C, then simultaneously stretched at a rate of 
about 300%/second in the reference direction and about 300%/second in the direction 
perpendicular to the first to a final area stretch ratio of about 55:1. Samples were 
immediately removed from the stretching machine to cool. The film had a thickness 
of 0.0020 cm. The film was slit into useful sample widths using a razor blade cutter 
equipped with new blades. 

Example C-12 

A simultaneously biaxially oriented polypropylene film was prepared by 
stretching as described in Example 2 except for the stretch rates and the final area 
stretch ratio. The tablet was pre-heated for 90 seconds at 155° C, then simultaneously 
stretched at a rate of about 300%/second in the reference direction and about 
167%/second in the direction perpendicular to the first to a final area stretch ratio of 
about 45: 1 . Samples were immediately removed from the stretching machine to cool. 
The film had a thickness of 0.0029 cm. The film was slit into useful sample widths 
using a razor blade cutter equipped with new blades. 

Example C-13 

A sequentially biaxially oriented polypropylene film was prepared by 
stretching as described in Example 1. The final thickness of the film was 0.0028 cm. 
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Example C-14 

A sequentially biaxially oriented polypropylene film was prepared by 
stretching as described in Example 1 , except the reference direction was taken to be 
the direction of the second stretch (TD). The final film thickness was 0.0030 cm. 

Example CM 5 

A re-tensilized, sequentially biaxially oriented polypropylene film was 
stretched by the method of Example 1, except as follows. The second (transverse) 
stretching step at a ratio of about 6:1. Upon exiting from the tenter stretching step, the 
film was then passed over a series of heating rolls maintained internally at about 1 10°- 
140° C to re-stretch the film in the direction of the first stretching step at a draw ratio 
of about 2.4:1 to a final area stretch ratio of about 72: 1 . Elongation and transversal 
shrinkage resulted in a film having a finished thickness of about 0.0030 cm. This film 
was slit into useful sample widths using a razor blade cutter equipped with new 
blades. 
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Photographic images taken of some Examples by the Optical Microscopy 
procedure described above are provided in Figures 14-18. Figure 14 shows 
comparative example C-l, a sequentially biaxially oriented polypropylene film. It is 
seen that the serrated edge does not closely follow the contour of the cutting teeth of 
the plastic dispenser blade. Figure 15 shows a sample according to comparative 
example C-l, which had a coating a pressure sensitive adhesive applied on the first 
major surface. It is seen that an adhesive tape made of the backing of C-l also does 
not closely follow the contour of the cutting teeth. Figure 1 6 shows the 
simultaneously oriented film of comparative example C-4, the serrated edge of which 
does not closely follow the contour of the plastic cutting teeth. Figure 17 shows the 
inventive film of example 3, the serrated edge of which closely follows the contour of 
the plastic cutting blade. Figure 18 illustrates the serrated edge of a prior art acetate- 
backed pressure sensitive adhesive. It is seen that the inventive film of shown in 
Figure 1 7 performs as well as the more expensive acetate-backed adhesive tape of 
Figure 18. 

The tests and test results described above are intended solely to be illustrative, 
rather than predictive, and variations in the testing procedure can be expected to yield 
different results. 

The present invention has now been described with reference to several 
embodiments thereof. The foregoing detailed description and examples have been 
given for clarity of understanding only. No unnecessary limitations are to be 
understood therefrom. It will be apparent to those skilled in the art that many changes 
can be made in the embodiments described without departing from the scope of the 
invention. Thus, the scope of the present invention should not be limited to the exact 
details and structures described herein, but rather by the structures described by the 
language of the claims, and the equivalents of those structures. 
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WHAT IS CLAIMED IS: 

1 . An adhesive tape backing comprising: 

a biaxially oriented film, said film comprising isotactic polypropylene, 
wherein said film includes a reference direction; 
5 wherein said polypropylene film has been biaxially oriented so as to provide a 

crystalline orientation as determined by wide angle X-ray scattering measurements 
from the monoclinic (110) crystalline planes, said crystalline orientation including: 

a) a single azimuthal scan maximum positioned at an angle of up to ± 
75° relative to said reference direction; and 
10 b) an angular full width at half peak of from 40° to 75°; and 

wherein said film has a tensile elongation to break measured in said reference 
direction of from 45% to 90%. 



2. The backing of claim 1 , wherein said film has a thickness of from 
15 0.002 to 0.005 cm. 



20 



3. The backing of claim 1 , wherein when said backing is severed 
according to The Dispense Test - Metal Blade, said film has an energy to sever of up 
to 350 N-cm/cm 2 . 



4. The backing of claim 3 5 wherein said film stretches up to 4% when 
severed according to The Dispense Test - Metal Blade. 

5. The backing of claim 3, wherein when said backing is severed 

25 according to The Dispense Test - Metal Blade, said film exhibits a serrated edge that 
closely corresponds to the contour of the metal blade. 
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6. The backing of claim 1 , wherein when said backing is severed 
according to The Dispense Test - Plastic Blade, said film has an energy to sever of up 
to 700 N -cm/cm 2 . 



WO 99/29794 



-37- 



PCT/US97/23072 



7. The backing of claim 6, wherein said film stretches up to 4% when 
severed according to The Dispense Test - Plastic Blade. 

8. The backing of claim 1, wherein when said backing is severed 
according to The Dispense Test - Plastic Blade, said film exhibits a serrated edge that 
closely corresponds to the contour of the plastic blade. 

9. The backing of claim 3, wherein when said backing is severed 
according to The Dispense Test - Plastic Blade, said film has an energy to sever of up 
to 700 N-cm/cm 2 . 

10. The backing of claim 5, wherein when said backing is severed 
according to The Dispense Test - Plastic Blade, said film exhibits a serrated edge that 
closely corresponds to the contour of the plastic blade. 

1 1 . The backing of claim 1 , wherein said crystalline orientation includes a 
single maximum positioned at an angle of up to ± 45° relative to said reference 
direction. 

12. The backing of claim 1 1 , wherein said crystalline orientation includes a 
single maximum positioned at an angle of up to ± 25° relative to said reference 
direction. 

13. The backing of claim 1, wherein said film has a tensile elongation to 
break measured in said reference direction of from 45% to 80%. 

14. The backing of claim 2, wherein said film includes a first major 
surface, and wherein said backing further includes an adhesive on said first major 
surface of said film. 



WO 99/29794 



-38- 



PCT/US97/23072 



15. The backing of claim 14, wherein said adhesive comprises a pressure 
sensitive adhesive. 

16. The backing of claim 1 5, wherein said backing includes a width and a 
length, wherein said length is significantly larger than said width, wherein said 
reference direction is parallel to the length of said backing, and wherein said backing 
is spirally wound along its length so as to provide a roll of tape. 

17. The backing of claim 16, wherein said roll is mounted on a dispenser 
including a metal cutting blade. 

18. The backing of claim 1 6, wherein said roll is mounted on a dispenser 
including a plastic cutting blade. 
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19. An adhesive tape backing comprising: 

a biaxially oriented film, said film comprising isotactic polypropylene, 
wherein said film includes a reference direction, and wherein said film has been 
biaxially oriented such that: 
5 a) said film has a tensile elongation to break measured in said reference 

direction of from 45% to 90%; and 

b) when said backing is severed in said reference direction according to 
The Dispense Test - Metal Blade, said film has an energy to sever of up to 350 
N-cm/cm 2 . 

10 

20. The backing of claim 19, wherein said film has a thickness of from 
0.002 to 0.005 cm. 

21 . The backing of claim 19, wherein said film stretches up to 4% when 
15 severed according to The Dispense Test - Metal Blade. 

22. The backing of claim 19, wherein when said backing is severed 
according to The Dispense Test - Metal Blade, said film exhibits a serrated edge that 
closely corresponds to the contour of the metal blade. 

20 

23. The backing of claim 19, wherein when said backing is severed 
according to The Dispense Test - Plastic Blade, said film has an energy to sever of up 
to 700 N-cm/cm 2 . 

25 24. The backing of claim 19, wherein when said backing is severed 

according to The Dispense Test - Plastic Blade, said film exhibits a serrated edge that 
closely corresponds to the contour of the plastic blade. 

25. The backing of claim 19, wherein said film has a tensile elongation to 
30 break measured in said reference direction of from 45% to 80%. 
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26. The backing of claim 19, wherein said polypropylene film has been 
biaxially oriented such that it has a crystalline orientation as determined by wide 
angle X-ray scattering measurements from the monoclinic (110) crystalline planes, 
said crystalline orientation including: 

a) a single azimuthal scan maximum positioned at an angle of up to ± 
75° relative to said reference direction; and 

b) an angular full width at half peak of from 40° to 75°. 

27. The backing of claim 26, wherein said crystalline orientation includes 
a single maximum positioned at an angle of up to ± 45° relative to said reference 
direction. 

28. The backing of claim 27, wherein said crystalline orientation includes 
a single maximum positioned at an angle of up to ± 25° relative to said reference 
direction. 

29. The backing of claim 20, wherein said film includes a first major 
surface, and wherein said backing further includes an adhesive on said first major 
surface of said film. 

30. The backing of claim 29, wherein said adhesive comprises a pressure 
sensitive adhesive. 

31 . The backing of claim 30, wherein said backing includes a width and a 
length, wherein said length is significantly larger than said width, wherein said 
reference direction is parallel to the length of said backing, and wherein said backing 
is spirally wound along its length so as to provide a roll of tape. 
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32. The backing of claim 3 1 5 wherein said roll is mounted on a dispenser 
including a metal cutting blade. 
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33. An adhesive tape backing comprising: 

a biaxially oriented film, said film comprising isotactic polypropylene, 
wherein said film includes a reference direction, and wherein said film has been 
biaxially oriented such that: 

a) said film has a tensile elongation to break measured in said reference 
direction of from 45% to 90%; and 

b) when said backing is severed in said reference direction according to 
The Dispense Test - Plastic Blade, said film has an energy to sever of up to 
700 N-cm/cm 2 . 

34. The backing of claim 33, wherein said film has a thickness of from 
0.002 to 0.005 cm. 

35. The backing of claim 33, wherein said film stretches up to 4% when 
severed according to The Dispense Test - Plastic Blade. 

36. The backing of claim 33, wherein when said backing is severed 
according to The Dispense Test - Plastic Blade, said film exhibits a serrated edge that 
closely corresponds to the contour of the plastic blade. 

37. The backing of claim 33, wherein said film has a tensile elongation to 
break measured in said reference direction of from 45% to 80%. 

38. The backing of claim 33, wherein said polypropylene film has been 
biaxially oriented so as to provide a crystalline orientation as determined by wide 
angle X-ray scattering measurements from the monoclinic (110) crystalline planes, 
said crystalline orientation including: 

a) a single azimuthal scan maximum positioned at an angle of up to ± 
75° relative to said reference direction; and 

b) an angular full width at half peak of from 40° to 75°. 
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39. The backing of claim 38, wherein said crystalline orientation includes 
a single maximum positioned at an angle of up to ± 45° relative to said reference 
direction. 

40. The backing of claim 39, wherein said crystalline orientation includes 
a single maximum positioned at an angle of up to ± 25° relative to said reference 
direction. 

41. The backing of claim 33, when said backing is severed in said 
reference direction according to The Dispense Test - Metal Blade, said film has an 
energy to sever of up to 350 N-cm/cm 2 . 

42. The backing of claim 34, wherein said film includes a first major 
surface, and wherein said backing further includes an adhesive on said first major 
surface of said film. 

43. The backing of claim 42, wherein said adhesive comprises a pressure 
sensitive adhesive. 

44. The backing of claim 43, wherein said backing includes a width and a 
length, wherein said length is significantly larger than said width, wherein said 
reference direction is parallel to the length of said backing, and wherein said backing 
is spirally wound along its length so as to provide a roll of tape. 

45. The backing of claim 44, wherein said roll is mounted on a dispenser 
including a plastic cutting blade. 
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46. An adhesive tape backing comprising: 
a biaxially oriented film, said film comprising isotactic polypropylene, 
wherein said film includes a reference direction, and wherein said film has been 
biaxially oriented such that: 

a) said film has a tensile elongation to break measured in said reference 
direction of from 45% to 90%; and 

b) said film stretches up to 4% when severed according to The 
Dispense Test - Plastic Blade 

47. The backing of claim 46, wherein said film has a thickness of from 
0.002 to 0.005 cm. 

48. The backing of claim 46, wherein when said backing is severed in said 
reference direction according to The Dispense Test - Plastic Blade, said film has an 
energy to sever of up to 700 N-cm/cm 2 . 

49. The backing of claim 46, wherein when said backing is severed 
according to The Dispense Test - Plastic Blade, said film exhibits a serrated edge that 
closely corresponds to the contour of the plastic blade. 

50. The backing of claim 46, wherein said film has a tensile elongation to 
break measured in said reference direction of from 45% to 80%. 

5 1 . The backing of claim 46, wherein said polypropylene film has been 
biaxially oriented so as to provide a crystalline orientation as determined by wide 
angle X-ray scattering measurements from the monoclinic (110) crystalline planes, 
said crystalline orientation including: 

a) a single azimuthal scan maximum positioned at an angle of up to ± 
75° relative to said reference direction; and 

b) an angular full width at half peak of from 40° to 75°. 
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52. The backing of claim 5 1 , wherein said crystalline orientation includes 
a single maximum positioned at an angle of up to ± 45° relative to said reference 
direction. 

53. The backing of claim 51, wherein said crystalline orientation includes 
a single maximum positioned at an angle of up to ± 25° relative to said reference 
direction. 

54. The backing of claim 46, wherein when said backing is severed in said 
reference direction according to The Dispense Test - Metal Blade, said film has an 
energy to sever of up to 350 N-cm/cm 2 . 

55. The backing of claim 47, wherein said film includes a first major 
surface, and wherein said backing further includes an adhesive on said first major 
surface of said film. 

56. The backing of claim 55, wherein said adhesive comprises a pressure 
sensitive adhesive. 

57. The backing of claim 56, wherein said backing includes a width and a 
length, wherein said length is significantly larger than said width, wherein said 
reference direction is parallel to the length of said backing, and wherein said backing 
is spirally wound along its length so as to provide a roll of tape. 

58. The backing of claim 57, wherein said roll is mounted on a dispenser 
including a plastic cutting blade. 
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59. An adhesive tape, comprising: 

a biaxially oriented film backing including a first major surface, said film 
backing comprising isotactic polypropylene, wherein said film includes a reference 
direction; and a layer of adhesive on said first major surface of said backing; 
5 wherein said polypropylene film backing has been biaxially oriented so as to 

provide a crystalline orientation as determined by wide angle X-ray scattering 
measurements from the monoclinic (110) crystalline planes, said crystalline 
orientation including: 

a) a single azimuthal scan maximum positioned at an angle of up to ± 
10 75° relative to said reference direction; and 

b) an angular full width at half peak of from 40° to 75°; and 
wherein said polypropylene film backing has a tensile elongation to break 

measured in said reference direction of from 45% to 90%. 

15 60. The adhesive tape of claim 59, wherein said adhesive comprises a 

pressure sensitive adhesive. 

61 . The adhesive tape of claim 60, wherein said film backing has a 
thickness of from 0.002 to 0.005 cm. 

20 

62. The adhesive tape of claim 59, wherein when said film backing is 
severed according to The Dispense Test - Metal Blade, said film backing has an 
energy to sever of up to 350 N-cm/cm 2 . 

25 63. The adhesive tape of claim 59, wherein said film backing stretches up 

to 4% when severed according to The Dispense Test - Metal Blade. 
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64. The adhesive tape of claim 59, wherein when said film backing is 
severed according to The Dispense Test - Metal Blade, said film backing exhibits a 
serrated edge that closely corresponds to the contour of the metal blade. 
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65. The adhesive tape of claim 59, wherein when said film backing is 
severed according to The Dispense Test - Plastic Blade, said film backing has an 
energy to sever of up to 700 N-cm/cm 2 . 

66. The adhesive tape of claim 59, wherein said film backing stretches up 
to 4% when severed according to The Dispense Test - Plastic Blade. 

67. The adhesive tape of claim 59, wherein when said film backing is 
severed according to The Dispense Test - Plastic Blade, said film backing exhibits a 
serrated edge that closely corresponds to the contour of the plastic blade. 

68. The adhesive tape of claim 62, wherein when said film backing is 
severed according to The Dispense Test - Plastic Blade, said film backing has an 
energy to sever of up to 700 N-cm/cm 2 . 

69. The adhesive tape of claim 64, wherein when said film backing is 
severed according to The Dispense Test - Plastic Blade, said film backing exhibits a 
serrated edge that closely corresponds to the contour of the plastic blade. 

70. The adhesive tape of claim 59, wherein said crystalline orientation 
includes a single maximum positioned at an angle of up to ± 45° relative to said 
reference direction. 

71 . The adhesive tape of claim 70, wherein said crystalline orientation 
includes a single maximum positioned at an angle of up to ± 25° relative to said 
reference direction. 

72. The adhesive tape of claim 59, wherein said film backing has a tensile 
elongation to break measured in said reference direction of from 45% to 80%. 
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73. The adhesive tape of claim 61 , wherein said adhesive tape includes a 
width and a length, wherein said length is significantly larger than said width, wherein 
said reference direction is parallel to the length of said adhesive tape, and wherein said 
adhesive tape is spirally wound along its length so as to provide a roll of tape. 

74. The adhesive tape of claim 73, wherein said roll is mounted on a 
dispenser including a metal cutting blade. 

75. The adhesive tape of claim 73, wherein said roll is mounted on a 
dispenser including a plastic cutting blade. 
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76. An adhesive tape, comprising: 

a biaxially oriented film backing including a first major surface, said film 
backing comprising isotactic polypropylene; and a layer of adhesive on said first 
major surface of said backing; 

wherein said film backing includes a reference direction, and wherein said film 
backing has been biaxially oriented such that: 

a) when said film backing is severed in said reference direction according to 
The Dispense Test - Metal Blade, said film backing has an energy to sever of up to 
350 N-cm/cm 2 , and 

b) said film backing has a tensile elongation to break measured in said 
reference direction of from 45% to 90%. 

77. The adhesive tape of claim 76, wherein said adhesive comprises 
pressure sensitive adhesive. 

78. The adhesive tape of claim 77, wherein said film backing has a 
thickness of from 0.002 to 0.005 cm. 

79. The adhesive tape of claim 76, wherein said film backing stretches up 
to 4% when severed according to The Dispense Test - Metal Blade. 

80. The adhesive tape of claim 76, wherein when said film backing is 
severed according to The Dispense Test - Metal Blade, said film backing exhibits a 
serrated edge that closely corresponds to the contour of the metal blade. 

81 . The adhesive tape of claim 76, wherein when said film backing is 
severed according to The Dispense Test - Plastic Blade, said film backing has an 
energy to sever of up to 700 N-cm/cm**. 
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82. The adhesive tape of claim 76, wherein when said film backing is 
severed according to The Dispense Test - Plastic Blade, said film backing exhibits a 
serrated edge that closely corresponds to the contour of the plastic blade. 

83. The adhesive tape of claim 76, wherein said film backing has a tensile 
elongation to break measured in said reference direction of from 45% to 80%. 

84. The adhesive tape of claim 76, wherein said polypropylene film 
backing has been biaxially oriented such that said film has a crystalline orientation as 
determined by wide angle X-ray scattering measurements from the monoclinic (110) 
crystalline planes, said crystalline orientation including: 

a) a single azimuthal scan maximum positioned at an angle of up to ± 
75° relative to said reference direction; and 

b) an angular full width at half peak of from 40° to 75°. 

85. The adhesive tape of claim 84, wherein said crystalline orientation 
includes a single maximum positioned at an angle of up to ± 45° relative to said 
reference direction. 

86. The adhesive tape of claim 85, wherein said crystalline orientation 
includes a single maximum positioned at an angle of up to ± 25° relative to said 
reference direction. 

87. The adhesive tape of claim 78, wherein said adhesive tape includes a 
width and a length, wherein said length is significantly larger than said width, wherein 
said reference direction is parallel to the length of said adhesive tape, and wherein said 
adhesive tape is spirally wound along its length so as to provide a roll of tape. 

88. The adhesive tape of claim 87, wherein said roll is mounted on a 
dispenser including a metal cutting blade. 
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89. An adhesive tape, comprising: 
a biaxially oriented film backing including a first major surface, said film 
backing comprising isotactic polypropylene; and a layer of adhesive on said first 
major surface; 

wherein said film backing includes a reference direction, and wherein said film 
backing has been biaxially oriented such that: 

a) said film backing has a tensile elongation to break measured in said 
reference direction of from 45% to 90%; and 

b) when said film backing is severed in said reference direction 
according to The Dispense Test - Plastic Blade, said film backing has an 
energy to sever of up to 700 N-cm/cm 2 . 

90. The adhesive tape of claim 89, wherein said adhesive comprises a 
pressure sensitive adhesive. 

91 . The adhesive tape of claim 90, wherein said film backing has a 
thickness of from 0.002 to 0.005 cm. 

92. The adhesive tape of claim 89, wherein said film backing stretches up 
to 4% when severed according to The Dispense Test - Plastic Blade. 

93. The adhesive tape of claim 89, wherein when said film backing is 
severed according to The Dispense Test - Plastic Blade, said film backing exhibits a 
serrated edge that closely corresponds to the contour of the plastic blade. 

94. The adhesive tape of claim 89, wherein said film backing has a tensile 
elongation to break measured in said reference direction of from 45% to 80%. 
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95. The adhesive tape of claim 89, wherein said polypropylene film 
backing has been biaxially oriented so as to provide a crystalline orientation as 
determined by wide angle X-ray scattering measurements from the monoclinic (110) 
crystalline planes, said crystalline orientation including: 

a) a single azimuthal scan maximum positioned at an angle of up to ± 
75° relative to said reference direction; and 

b) an angular full width at half peak of from 40° to 75°. 

96. The adhesive tape of claim 95, wherein said crystalline orientation 
includes a single maximum positioned at an angle of up to ± 45° relative to said 
reference direction. 

97. The adhesive tape of claim 96, wherein said crystalline orientation 
includes a single maximum positioned at an angle of up to ± 25° relative to said 
reference direction. 

98. The adhesive tape of claim 89, wherein when said film backing is 
severed in said reference direction according to The Dispense Test - Metal Blade, said 
film backing has an energy to sever of up to 350 N-cm/cm 2 . 

99. The adhesive tape of claim 91 , wherein said adhesive tape includes a 
width and a length, wherein said length is significantly larger than said width, wherein 
said reference direction is parallel to the length of said backing, and wherein said 
adhesive tape is spirally wound along its length so as to provide a roll of tape. 

100. The adhesive tape of claim 99, wherein said roll is mounted on a 
dispenser including a plastic cutting blade. 



WO 99/29794 PCT/US97/23072 

-53- 

101. An adhesive tape comprising: 

a biaxially oriented film backing including a first major surface, said film 
backing comprising isotactic polypropylene; and a layer of adhesive on said first 
major surface; 

wherein said film backing includes a reference direction, and wherein said film 
backing has been biaxially oriented such that: 

a) said film backing has a tensile elongation to break measured in said 
reference direction of from 45% to 90%; and 

b) said film backing stretches up to 4% when severed according to The 
Dispense Test - Plastic Blade 

102. The adhesive tape of claim 101, wherein said adhesive comprises 
pressure sensitive adhesive. 

103. The adhesive tape of claim 102, wherein said film backing has a 
thickness of from 0.002 to 0.005 cm. 

104. The adhesive tape of claim 101, wherein when said film backing is 
severed in said reference direction according to The Dispense Test - Plastic Blade, 
said film backing has an energy to sever of up to 700 N-cm/cm 2 . 

105. The adhesive tape of claim 101, wherein when said film backing is 
severed according to The Dispense Test - Plastic Blade, said film backing exhibits a 
serrated edge that closely corresponds to the contour of the plastic blade. 

106. The adhesive tape of claim 101, wherein said film backing has a tensile 
elongation to break measured in said reference direction of from 45% to 80%. 

107. The adhesive tape of claim 101 , wherein said polypropylene film has 
been biaxially oriented so as to provide a crystalline orientation as determined by 
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wide angle X-ray scattering measurements from the monoclinic (110) crystalline 
planes, said crystalline orientation including: 

a) a single azimuthal scan maximum positioned at an angle of up to ± 
75° relative to said reference direction; and 

b) an angular full width at half peak of from 40° to 75°. 

108. The adhesive tape of claim 107, wherein said crystalline orientation 
includes a single maximum positioned at an angle of up to ± 45° relative to said 
reference direction. 

109. The adhesive tape of claim 108, wherein said crystalline orientation 
includes a single maximum positioned at an angle of up to ± 25° relative to said 
reference direction. 

110. The adhesive tape of claim 101, wherein when said film backing is 
severed in said reference direction according to The Dispense Test - Metal Blade, said 
film backing has an energy to sever of up to 350 N-cm/cm 2 . 

111. The adhesive tape of claim 103, wherein said adhesive tape includes a 
width and a length, wherein said length is significantly larger than said width, wherein 
said reference direction is parallel to the length of said tape, and wherein said tape is 
spirally wound along its length so as to provide a roll of tape. 

112. The adhesive tape of claim 111, wherein said roll is mounted on a 
dispenser including a plastic cutting blade. 
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113. An assembly of a roll of pressure sensitive adhesive tape mounted on a 
dispenser, the assembly comprising: 

a) a roll of pressure sensitive adhesive tape, said tape comprising a biaxially oriented 

film backing including a first major surface, and a layer of pressure sensitive 
5 adhesive on said first major surface of said backing, said film backing 

comprising isotactic polypropylene; wherein said film includes a reference 
direction and has been biaxially oriented such that: 

i) said polypropylene film backing has a tensile elongation to break 
measured in said reference direction of from 45% to 90%; and 
10 ii) said polypropylene film backing has a crystalline orientation as 

determined by wide angle X-ray scattering measurements from 
the monoclinic (110) crystalline planes, said crystalline 
orientation including: 

a single azimuthal scan maximum positioned at an angle 
15 of up to ± 75° relative to said reference 

direction; and 
an angular full width at half peak of from 40° to 75°; 

and 

iii) wherein said adhesive tape includes a width and a length, wherein 
20 said length is significantly larger than said width, wherein said 

reference direction is parallel to the length of said adhesive 
tape, and wherein said adhesive tape is spirally wound along its 
length; and 

b) a dispenser, said dispenser including a roll mount having said roll of tape rotatably 
25 mounted thereon, and a plastic serrated cutting blade for severing said 

adhesive tape. 



114. The assembly of claim 1 13, wherein said cutting blade comprises 
polystyrene. 
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ll 5. The assembly of claim 1 1 3, wherein said film backing has a thickness 
of from 0.002 to 0.005 cm. 

116. The assembly of claim 113, wherein when said film backing is severed 
5 according to The Dispense Test - Plastic Blade, said film backing has an energy to 

sever of up to 700 N-cm/cm 2 . 

117. The assembly of claim 113, wherein said film backing stretches up to 
4% when severed according to The Dispense Test - Plastic Blade. 

1 1 8. The assembly of claim 1 1 3, wherein when said film backing is severed 
according to The Dispense Test - Plastic Blade, said film backing exhibits a serrated 
edge that closely corresponds to the contour of the plastic blade. 

119. The assembly of claim 113, wherein said crystalline orientation 
includes a single maximum positioned at an angle of up to ± 45° relative to said 
reference direction. 

120. The assembly of claim 113, wherein said crystalline orientation 
20 includes a single maximum positioned at an angle of up to ± 25° relative to said 

reference direction. 

121. The assembly of claim 1 1 3, wherein said film has a tensile elongation 
to break measured in said reference direction of from 45% to 80%. 



10 



15 



25 
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122. An assembly of a roll of pressure sensitive adhesive tape mounted on a 
dispenser, the assembly comprising: 

a) a roll of pressure sensitive adhesive tape, said tape comprising a biaxially oriented 

film backing including a first major surface, said film backing comprising 
5 isotactic polypropylene; and a layer of pressure sensitive adhesive on said first 

major surface of said backing; 

i) wherein said film includes a reference direction, and wherein said 

polypropylene film backing has been biaxially oriented such that: 
La.) when said film backing is severed in said reference direction 
10 according to The Dispense Test - Plastic Blade, said film 

backing has an energy to sever of up to 700 N-cm/cm 2 ; and 
Lb.) said film backing has a tensile elongation to break measured in 

said reference direction of from 45% to 90%; 

ii) wherein said adhesive tape includes a width and a length, wherein said 
15 length is significantly larger than said width, wherein said reference 

direction is parallel to the length of said adhesive tape, and wherein 
said adhesive tape is spirally wound along its length; and 

b) a dispenser, said dispenser including a roll mount having said roll of tape rotatably 

mounted thereon, and a plastic serrated cutting blade for severing said 
20 adhesive tape. 

123. The assembly of claim 122, wherein said cutting blade comprises 
polystyrene. 

25 1 24. The assembly of claim 122, wherein said film backing has a thickness 

of from 0.002 to 0.005 cm. 
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125. The assembly of claim 122, wherein said film backing stretches up to 
4% when severed according to The Dispense Test - Plastic Blade. 
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126. The assembly of claim 122, wherein when said film backing is severed 
according to The Dispense Test - Plastic Blade, said film backing exhibits a serrated 
edge that closely corresponds to the contour of the plastic blade. 

127. The assembly of claim 126, wherein said film backing has a tensile 
elongation to break measured in said reference direction of from 45% to 80%. 

128. The assembly of claim 122, wherein said polypropylene film backing 
has been biaxially oriented so as to provide a crystalline orientation as determined by 
wide angle X-ray scattering measurements from the monoclinic (110) crystalline 
planes, said crystalline orientation including: 

a) a single azimuthal scan maximum positioned at an angle of up to ± 
75° relative to said reference direction; and 

b) an angular full width at half peak of from 40° to 75°. 

129. The assembly of claim 128, wherein said crystalline orientation 
includes a single maximum positioned at an angle of up to ± 45° relative to said 
reference direction. 

130. The adhesive tape of claim 129, wherein said crystalline orientation 
includes a single maximum positioned at an angle of up to ± 25° relative to said 
reference direction. 
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131. An assembly of a roll of pressure sensitive adhesive tape mounted on a 
dispenser, the assembly comprising: 

a) a roll of pressure sensitive adhesive tape, said tape comprising a biaxially oriented 

film backing including a first major surface, said film backing comprising 
5 isotactic polypropylene; and a layer of pressure sensitive adhesive on said first 

major surface of said backing; 

i) wherein said film includes a reference direction, and wherein said 

polypropylene film backing has been biaxially oriented such that: 
i.a.) said film backing stretches up to 4% when severed according to 
10 The Dispense Test - Plastic Blade; and 

i.b.) said film backing has a tensile elongation to break measured in 
said reference direction of from 45% to 90%; 

ii) wherein said adhesive tape includes a width and a length, wherein said 

length is significantly larger than said width, wherein said reference 
15 direction is parallel to the length of said adhesive tape, and wherein 

said adhesive tape is spirally wound along its length; and 

b) a dispenser, said dispenser including a roll mount having said roll of tape rotatably 

mounted thereon, and a plastic serrated cutting blade for severing said 
adhesive tape. 



20 



1 32. The assembly of claim 131, wherein said cutting blade comprises 
polystyrene. 



1 33 . The assembly of claim 131, wherein said film backing has a thickness 
25 of from 0.002 to 0.005 cm. 



1 34. The assembly of claim 131, wherein when said film backing is severed 
in said reference direction according to The Dispense Test - Plastic Blade, said film 
backing has an energy to sever of up to 700 N-cm/cm 2 . 
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135. The assembly of claim 131, wherein when said film backing is severed 
according to The Dispense Test - Plastic Blade, said film backing exhibits a serrated 
edge that closely corresponds to the contour of the plastic blade. 

136. The assembly of claim 131, wherein said film backing has a tensile 
elongation to break measured in said reference direction of from 45% to 80%. 

137. The assembly of claim 131, wherein said polypropylene film backing 
has been biaxially oriented so as to provide a crystalline orientation as determined by 
wide angle X-ray scattering measurements from the monoclinic (110) crystalline 
planes, said crystalline orientation including: 

a) a single azimuthal scan maximum positioned at an angle of up to ± 
75° relative to said reference direction; and 

b) an angular full width at half peak of from 40° to 75°. 

138. The assembly of claim 137, wherein said crystalline orientation 
includes a single maximum positioned at an angle of up to ± 45° relative to said 
reference direction. 

139. The assembly of claim 138, wherein said crystalline orientation 
includes a single maximum positioned at an angle of up to ± 25° relative to said 
reference direction. 
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140. An assembly of a roll of pressure sensitive adhesive tape mounted on a 
dispenser, the assembly comprising: 

a) a roll of pressure sensitive adhesive tape, said tape comprising a biaxially oriented 

film backing including a first major surface, said film backing comprising 
5 isotactic polypropylene; and a layer of pressure sensitive adhesive on said first 

major surface of said backing; 

i) wherein said film includes a reference direction, and wherein said 

polypropylene film backing has been biaxially oriented such that when 
said film backing is severed in said reference direction according to 
10 The Dispense Test - Plastic Blade; said film backing exhibits a serrated 

edge that closely corresponds to the contour of the plastic blade; and 

ii) wherein said adhesive tape includes a width and a length, wherein said 

length is significantly larger than said width, wherein said reference 
direction is parallel to the length of said adhesive tape, and wherein 
15 said adhesive tape is spirally wound along its length; and 

b) a dispenser, said dispenser including a roll mount having said roll of tape rotatably 

mounted thereon, and a plastic serrated cutting blade for severing said 
adhesive tape. 

20 141 . The assembly of claim 140, wherein said cutting blade comprises 

polystyrene. 

142. The assembly of claim 140, wherein said film backing stretches up to 
4% when severed according to The Dispense Test - Plastic Blade. 

25 

143. The assembly of claim 140, wherein when said film backing is severed 
according to The Dispense Test - Plastic Blade, said film backing has an energy to 
sever of up to 700 N-cm/cm 2 . 
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144. The assembly of claim 140, wherein said film backing has a tensile 
elongation to break measured in said reference direction of from 45% to 90%. 

145. The assembly of claim 144, wherein said film backing has a tensile 
elongation to break measured in said reference direction of from 45% to 80%. 

146. The adhesive tape of claim 140, wherein said polypropylene film 
backing has been biaxially oriented so as to provide a crystalline orientation as 
determined by wide angle X-ray scattering measurements from the monoclinic (110) 
crystalline planes, said crystalline orientation including: 

a) a single azimuthal scan maximum positioned at an angle of up to ± 
75° relative to said reference direction; and 

b) an angular full width at half peak of from 40° to 75°. 

147. The adhesive tape of claim 146, wherein said crystalline orientation 
includes a single maximum positioned at an angle of up to ± 45° relative to said 
reference direction. 

148. The adhesive tape of claim 147, wherein said crystalline orientation 
includes a single maximum positioned at an angle of up to ± 25° relative to said 
reference direction. 
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149. A film comprising isotactic polypropylene; 

wherein said film includes a reference direction, and wherein said film has 
been biaxially oriented so as to provide a crystalline orientation as determined by 
wide angle X-ray scattering measurements from the monoclinic (110) crystalline 
5 planes, said crystalline orientation including: 

a) a single azimuthal scan maximum positioned at an angle of up to ± 
75° relative to said reference direction; and 

b) an angular full width at half peak of from 40° to 75°; and 
wherein said film has a tensile elongation to break measured in said reference 

10 direction of from 45% to 90%. 

1 50. The film of claim 149, wherein said film has a thickness of from 0.002 
to 0.005 cm. 

15 151. The film of claim 1 49, wherein when said film is severed according to 

The Dispense Test - Metal Blade, said film has an energy to sever of up to 350 N- 
cm/cm 2 . 

1 52. The film of claim 151, wherein said film stretches up to 4% when 
20 severed according to The Dispense Test - Metal Blade. 

1 53. The film of claim 151, wherein when said film is severed according to 
The Dispense Test - Metal Blade, said film exhibits a serrated edge that closely 
corresponds to the contour of the metal blade. 

25 

1 54. The film of claim 149, wherein when said film is severed according to 
The Dispense Test - Plastic Blade, said film has an energy to sever of up to 700 N- 
cm/cm 2 . 
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1 55. The film of claim 1 54, wherein said film stretches up to 4% when 
severed according to The Dispense Test - Plastic Blade. 

1 56. The film of claim 149, wherein when said film is severed according to 
The Dispense Test - Plastic Blade, said film exhibits a serrated edge that closely 
corresponds to the contour of the plastic blade. 

1 57. The film of claim 151, wherein when said film is severed according to 
The Dispense Test - Plastic Blade, said film has an energy to sever of up to 700 N- 
cm/cm 2 . 

1 58. The film of claim 153, wherein when said film is severed according to 
The Dispense Test - Plastic Blade, said film exhibits a serrated edge that closely 
corresponds to the contour of the plastic blade. 

159. The film of claim 149, wherein said crystalline orientation includes a 
single maximum positioned at an angle of up to ± 45° relative to said reference 
direction. 

160. The film of claim 1 59, wherein said crystalline orientation includes a 
single maximum positioned at an angle of up to ± 25° relative to said reference 
direction. 

161. The film of claim 149, wherein said film has a tensile elongation to 
break measured in said reference direction of from 45% to 80%. 
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162. A film comprising isotactic polypropylene, wherein said film includes 
a reference direction, and wherein said film has been biaxially oriented such that: 

a) said film has a tensile elongation to break measured in said reference 
direction of from 45% to 90%; and 

b) when said film is severed in said reference direction according to 
The Dispense Test - Metal Blade, said film has an energy to sever of up to 350 
N-cm/cm 2 . 

163. The film of claim 162, wherein said film has a thickness of from 0.002 
to 0.005 cm. 

164. The film of claim 162, wherein said film stretches up to 4% when 
severed according to The Dispense Test - Metal Blade. 

165. The film of claim 162, wherein when said film is severed according to 
The Dispense Test - Metal Blade, said film exhibits a serrated edge that closely 
corresponds to the contour of the metal blade. 

1 66. The film of claim 1 62, wherein when said film is severed according to 
The Dispense Test - Plastic Blade, said film has an energy to sever of up to 700 N- 
cm/cm 2 . 

167. The film of claim 162, wherein when said film is severed according to 
The Dispense Test - Plastic Blade, said film exhibits a serrated edge that closely 
corresponds to the contour of the plastic blade. 

168. The film of claim 162, wherein said film has a tensile elongation to 
break measured in said reference direction of from 45% to 80%. 
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169. The film of claim 164, wherein said film has been biaxially oriented 
such that said film has a crystalline orientation as determined by wide angle X-ray 
scattering measurements from the monoclinic (110) crystalline planes, said crystalline 
orientation including: 

a) a single azimuthal scan maximum positioned at an angle of up to ± 
75° relative to said reference direction; and 

b) an angular full width at half peak of from 45° to 75°. 

170. The film of claim 169, wherein said crystalline orientation includes a 
single maximum positioned at an angle of up to ± 40° relative to said reference 
direction. 

171 . The film of claim 169, wherein said crystalline orientation includes a 
single maximum positioned at an angle of up to ± 25° relative to said reference 
direction. 
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1 72. A film comprising isotactic polypropylene, wherein said film includes 
a reference direction, and wherein said film has been biaxially oriented such that: 

a) said film has a tensile elongation to break measured in said reference 
direction of from 45% to 90%; and 

b) when said film is severed in said reference direction according to 
The Dispense Test - Plastic Blade, said film has an energy to sever of up to 
700 N-cm/cm 2 . 

1 73. The film of claim 1 72, wherein said film has a thickness of from 0.002 
to 0.005 cm. 

1 74. The film of claim 1 72, wherein said film stretches up to 4% when 
severed according to The Dispense Test - Plastic Blade. 

1 75. The film of claim 172, wherein when said film is severed according to 
The Dispense Test - Plastic Blade, said film exhibits a serrated edge that closely 
corresponds to the contour of the plastic blade. 

1 76. The film of claim 1 72, wherein said film has a tensile elongation to 
break measured in said reference direction of from 45% to 80%. 

1 77. The film of claim 172, wherein said film has been biaxially oriented so 
as to provide a crystalline orientation as determined by wide angle X-ray scattering 
measurements from the monoclinic (110) crystalline planes, said crystalline 
orientation including: 

a) a single azimuthal scan maximum positioned at an angle of up to ± 
75° relative to said reference direction; and 

b) an angular full width at half peak of from 40° to 75°. 
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178. The film of claim 172, wherein said crystalline orientation includes a 
single maximum positioned at an angle of up to ± 45° relative to said reference 
direction. 

179. The film of claim 178, wherein said crystalline orientation includes a 
single maximum positioned at an angle of up to ± 25° relative to said reference 
direction. 

180 The film of claim 172, wherein when said film is severed in said 
reference direction according to The Dispense Test - Plastic Blade, said film has an 
energy to sever of up to 700 N-cm/cm 2 . 
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181. A film comprising isotactic polypropylene, wherein said film includes 
a reference direction, and wherein said film has been biaxially oriented such that: 

a) said film has a tensile elongation to break measured in said reference 
direction of from 45% to 90%; and 

b) said film stretches up to 4% when severed according to The 
Dispense Test - Plastic Blade. 

1 82. The film of claim 181, wherein said film has a thickness of from 0.002 
to 0.005 cm. 

183. The film of claim 181, wherein when said film is severed in said 
reference direction according to The Dispense Test - Plastic Blade, said film has an 
energy to sever of up to 700 N-cm/cm 2 . 

1 84. The film of claim 181, wherein when said film is severed according to 
The Dispense Test - Plastic Blade, said film exhibits a serrated edge that closely 
corresponds to the contour of the plastic blade. 

1 85. The film of claim 181, wherein said film has a tensile elongation to 
break measured in said reference direction of from 45% to 80%. 

1 86. The film of claim 181, wherein said film has been biaxially oriented so 
as to provide a crystalline orientation as determined by wide angle X-ray scattering 
measurements from the monoclinic (110) crystalline planes, said crystalline 
orientation including: 

a) a single azimuthal scan maximum positioned at an angle of up to ± 
75° relative to said reference direction; and 

b) an angular full width at half peak of from 40° to 75°. 
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187. The film of claim 186, wherein said crystalline orientation includes a 
single maximum positioned at an angle of up to ± 45° relative to said reference 
direction. 

188. The film of claim 187, wherein said crystalline orientation includes a 
single maximum positioned at an angle of up to ± 25° relative to said reference 
direction. 

1 89. The film of claim 181, wherein when said film is severed in said 
reference direction according to The Dispense Test - Metal Blade, said film has an 
energy to sever of up to 350 N-cm/cm 2 . 
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